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Midwest Vegetable Trial Report for 2017
Tomato Cultivar Evaluation in High Tunnels, 
Northern Indiana, 2017
Elizabeth T. Maynard and Erin A. Bluhm, Purdue University 
PO Box 1759, Valparaiso, IN 46384 emaynard@purdue.edu 
Introduction
Tomatoes are a common crop grown in unheated greenhouses, commonly called high tunnels. 
Production in these structures has increased in recent years. This trial was conducted to evaluate 
varieties for their performance as a summer-harvested crop in soil-based high tunnel production 
systems. Five hybrid determinate varieties or line, one hybrid indeterminate, and one open-
pollinated indeterminate variety were compared for yield, earliness, fruit size, and quality. 
Materials and Methods
The trial was conducted in two 30 ft. X 48 ft. high tunnels on a Tracy sandy loam soil at the 
Pinney Purdue Agricultural Center in Wanatah, Indiana. Soil tests taken in mid-April showed 
2.2% and 1.8% organic matter, pH 7.1 and 6.8, 249 and 122 ppm phosphorus (P), 217 and 170 
ppm potassium (K), 230 and 205 ppm magnesium (Mg), and 1000 and 800 ppm calcium (Ca) in 
High Tunnel 1 (HT1) and High Tunnel 2 (HT2), respectively. HT1 was managed using organic 
practices. Nature Safe® 13-0-0 fertilizer was broadcast before bed formation at 1286 lb./A to 
supply an estimated 90 lb./A of N over the growing season. HT2 was managed using 
conventional practices. Thirty lb./A N from urea, (Shaw’s Turf Food® 46-0-0) was applied 
before bed formation. In HT2, an additional 78 lb./A N from UAN was applied through weekly 
fertigation of 6 to 8 lb./A N from June 5 through Aug 14. HT2 received a total of 108 lb./A N. 
Seven varieties were seeded on March 24 into 72-cell plug trays. Organic trays were filled with 
Vermont Compost Fort Vee® growing media and conventional trays with Sun Gro Sunshine #1 
Natural and Organic® growing media. Varieties included BHN-589, Big Beef, Red Deuce, 
Summerpick, XTM 1134, Cherokee Purple (HT1 only) and Grand Marshall (HT2 only). 
Varieties used in HT1 had no seed treatment but were not all organically produced seed. Organic 
seedlings were not fertilized. Conventional seedlings were fertilized April 14, 20, 24, and 26 
using a 250 ppm N solution of Peter’s Peat Lite Special® 20-10-20. 
In each tunnel a trial was established as a randomized complete block design with three 
replications and six treatments (varieties). A replication consisted of one 3-ft.-wide bed 
containing six, 7-ft. plots. Each plot had four plants in a row down the middle of the bed. An 
unharvested 'guard' plant was placed at each end of the bed. Beds were centered 4 ft. apart. 
Seedlings with 3-4 true leaves were transplanted into both tunnels on April 28 and plants that did 
not survive were replaced by May 15. Fruit from plants replaced more than a week after April 28 
were not included in yield data. Plants were supported using the Florida weave system, with t-
posts every other plant and 4-6 strings woven horizontally between the posts. Irrigation was 
applied through two drip lines per bed when 6-inch-deep tensiometers located in another tomato 
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trial in the same tunnel exceeded 20 kPa soil water tension, resulting in approximately 100 
gallons per bed per week. 
Thermostatically-controlled roll-up sides were set to open when tunnel air temperature exceeded 
80°F and close when tunnel air temperature dropped below 60°F. Manually operated end walls
were opened on June 8 and only closed for short periods of time when nearby fields were being 
sprayed; sidewalls were also closed during those periods.  
Caterpillars were controlled with four applications of Dipel® (Bacillus thuringiensis) in a mixture 
of 1 lb./A on June 30, July 7, 14, and 20 and one application of Entrust® (spinosad) at a rate of 
2.1 oz./A on July 27. Weeds were controlled by handweeding and with white weed cloth in the 
alleyways of HT2.  
Timber rot infected several plants as the season progressed and dying plants or branches were 
removed. 
Fruit at or beyond the light red stage was harvested weekly, seven times between July 18 and 
August 28. Fruit was graded into U.S. No. 1, U.S. No. 2, Farmer’s Market (similar to U.S. No. 
3), and cull using the Tomato Grades and Standards developed by the USDA. U.S. No. 1 fruit 
were graded into size classes based on diameter: maximum large (>3 1/2 in.), extra large (2 
24/32 – 3 1/2.), large (2 16/32 – 2 25/32 in.) and medium and small (2 4/32 – 2 17/32 in.) 
(USDA 2005). Weight and number in each category were recorded. The number of cull fruit due 
to the following reasons was recorded: abnormal color, catface, crack, zipper, insect, blossom 
end rot, and other. Green tomatoes that fell off plants prematurely were also collected and 
weighed. At the final harvest on August 28 all fruit that was at least 2 -1/4 inches in diameter 
were harvested. Fruit at or beyond the turning stage were graded as above. Green fruit were 
counted and weighed. 
Number and weight of fruit per plant were calculated based on the number of plants harvested at 
each harvest date. Data were analyzed using ANOVA followed by mean separation using 
Fisher's protected LSD. 
Results
On May 18, HT2 plastic above sidewalls ripped off the metal structure of the tunnel after a day 
with sustained winds over 15 mph and wind gusts over 30 mph. The plants were unprotected 
from outside weather conditions except for sidewalls and endwalls until the tunnel was re-
covered on May 23. Sensors in the high tunnels recorded average air temperature of 63.6°F and 
61.1°F, minimum air temperatures of 48.8°F and 45.9°F, and average soil temperatures of 67.6°F
and 62.9°F in in HT1 and HT2, respectively. It appeared that plants grew more slowly in HT2 
than in HT1 during this time. 
We observed bleaching and distortion of growth, consistent with herbicide injury, beginning on 
May 26. Symptoms were observed mainly in HT1 and appeared most severe on the plants in the 
south bed of the tunnel. The bleaching faded and eventually new growth was normal. It is 
possible that this injury influenced early fruit set.
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USDA No. 1 Yield, Number, and Fruit Size
In HT1, there was no significant difference in the weight of No. 1 fruit per plant among BHN 
589, Big Beef, Red Deuce, Summerpick, and XTM 1134 (Table 1); they all produced between 
12.4 and 13.1 lb./plant. Cherokee Purple produced significantly lower No. 1 yield (lb.), only half 
that of the hybrids. Summerpick produced the most No. 1 fruit per plant, 28.5, but not 
significantly more than BHN 589 or Big Beef. Cherokee Purple produced the fewest. In HT2, 
Red Deuce was the most productive variety with 13.9 lb./plant of No. 1 fruit, and Big Beef was 
the least productive. Grand Marshall, BHN 589, Summerpick, and XTM 1134 all produced 10.5 
to 11.5 lb./plant of No. 1 fruit. The number of No. 1 fruit didn't differ among varieties in HT2. 
Red Deuce produced the largest No. 1 fruit in both tunnels, averaging 0.63-0.64 lb./tomato. 
XTM 1134 was the next largest, 0.56-0.57 lb./tomato, but not significantly larger than other 
varieties except Summerpick, which averaged 0.45-0.50 lb./tomato. 
USDA No. 2 and No. 3 Grade: Yield, Number, and Fruit Size
Yield of No. 2 fruit was roughly 20% of No. 1 fruit, and there were fewer differences among 
varieties. In HT1 there were no significant differences in number or weight per plant. In HT2, 
Summerpick, Grand Marshall, and BHN 589 produced significantly more No. 2 fruit than XTM 
1134; Big Beef and Red Deuce were intermediate. In both tunnels Summerpick produced the 
smallest No. 2 fruit (0.42 lb.), but XTM 1134 in HT1 and Grand Marshall in HT2 were not 
significantly smaller. 
Cherokee Purple produced the highest yield and number of No. 3 fruit in HT1; there was no 
significant difference among the other five varieties in HT1 or among varieties in HT2. Average 
fruit size did not differ among varieties for No. 3 fruit. 
Cull Fruit and Total Yield
Cherokee Purple produced the most culled fruit by weight and number in HT1, significantly 
more than any other variety (Table 1). BHN 589 and XTM 1134 had the least. In HT2 the 
varieties all produced similar quantities of cull fruit. In HT1, the most common reasons for 
culled fruit were insect, zipper, and catface (Table 2). Insect damage in both tunnels was due 
primarily to caterpillar feeding, including by variegated cutworm and yellow-striped armyworm. 
Cherokee Purple had more catfacing and cracking than other varieties. In HT1 Big Beef tended 
to have more cracking than other varieties except Cherokee Purple. Insect damage was by far the 
most common reason for culls in HT2; no other defect came close to the percent of culls due to 
insect feeding. Zipper, and cracking were the next most common reasons for culls in HT2. 
Reasons for culls were similar among varieties in HT2. We did not see many fruit culled due to 
yellow shoulder disorder, but notes recorded during grading indicate that in later harvests in 
HT2, Big Beef and BHN 589 had fruit downgraded from No. 1 to No. 2 and No. 3 categories for 
yellow shoulder. 
Total yield of all red and green fruit was highest for Big Beef in both tunnels, although 
significantly higher than all others only in HT2 for the number of fruit per plant. Red Deuce and 
Grand Marshall produced total yield (lb./plant) similar to Big Beef in HT2, and there were no 
differences in total lb./plant in HT1. Big Beef was the only indeterminate hybrid in the trial, and 
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any potential higher total yield is likely due to that characteristic. Consistent with this is the 
observation that green fruit represented a higher percentage of total production for Big Beef than 
for other varieties; the difference was significant in HT2 (Table 3). 
Yield Distribution Across Size and Quality Categories
Table 3 shows the amount of fruit in the various grade and size categories, as a percentage by 
weight of all red fruit harvested. In both tunnels, Red Deuce produced the highest percentage of 
maximum large No. 1 fruit. Considering No. 1 fruit of all sizes XTM 1124 produced the highest 
percentage in both tunnels, but not significantly more than BHN 589, Summerpick or Red Deuce 
in HT1 and not more than Red Deuce in HT2. Cherokee Purple produced the lowest percentage 
of No. 1 fruit in HT1, followed by Big Beef. In HT2 Big Beef and Grand Marshall produced the 
lowest percentage of No. 1 fruit, followed by Summerpick. Cherokee Purple had higher 
percentages of No. 3 (22%) and cull fruit (36%) than other varieties in HT1. In HT2 varieties did 
not differ in percentage of No. 3 or cull fruit. 
Table 3 also shows the final harvest of green fruit as a percentage by weight of all red and green 
fruit. This represents fruit that might have ripened if plants had been harvested later into the fall. 
In HT1, varieties didn't differ significantly, ranging from 6.6% green for Summerpick to 13% 
green for Big Beef. In HT2, Big Beef had a higher percentage, 23.6%, of green fruit than other 
varieties. Summerpick again had the lowest percentage, 4.5%, but not significantly less than 
Grand Marshall, Red Deuce, or XTM 1134. 
Yield Distribution Over Time
BHN 589 and Big Beef, followed by Red Deuce, produced the highest yields of red fruit in the 
first three harvests in both high tunnels (Figure 1). Cherokee Purple, Summerpick and XTM 
1134 produced the lowest yield in that period in HT1. Summerpick and XTM 1134 were also the 
lowest for early yield in HT2. In HT2, Grand Marshall was a little later than Red Deuce, but 
earlier than Summerpick. 
Summary
BHN 589 produced yield of No. 1 fruit comparable to most other varieties, with fruit in the 
middle of the size range. It was among the earlier varieties. Big Beef tended to produce lower 
yield of No. 1 fruit, but among the highest for total red and green yield. It was also one of the 
earlier varieties. Most Cherokee Purple fruit did not meet No. 1 grade standards, but total yield 
was in the middle of the range for the trial. The market for heirloom varieties like Cherokee 
Purple may not require that fruit meet those grade standards. Red Deuce tended to have the 
largest No. 1 fruit in the trial; No. 1 yield was higher than or comparable to others, and total yield 
was in the middle of the range. It was one of the earlier varieties. Grand Marshall was in the 
middle of the range for No. 1 fruit yield, average fruit size, and total yield. Summerpick 
produced smaller fruit and was one of the later hybrids in the trial. XTM 1134 produced the 
second largest No. 1 tomatoes in the trial, yield of No. 1 fruit was similar to others, and total 
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Table 1. Tomato number of fruit and yield (lb.) per plant and average fruit weight for seven varieties grown in high tunnels, Wanatah, 
Indiana, 2017. 1 
Variety2 USDA No. 1 USDA No. 2 USDA No. 3 Cull
Total Red and
Green























































































18.8 10.5 bc 0.55 bc
17.7 10.0 c 0.56 b
22.1 11.5 b 0.52 bc
21.8 13.9 a 0.63 a
22.8 11.5 bc 0.50 c
20.2 11.5 bc 0.57 b
4.42 a 2.41 0.54 ab
4.31 ab 2.42 0.57 a
4.50 a 2.06 0.45 cd
4.00 ab 1.98 0.50 bc
6.08 a 2.57 0.42 d
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1USDA Grading Standards: https://www.ams.usda.gov/grades-standards/tomato-grades-and-standards
2BHN 589, Big Beef, and Cherokee Purple from Johnny's Selected Seeds; Red Deuce from HM Clause, Summperick from Syngenta, 
and Grand Marshall and XTM 1134 from Sakata. 
3Means within a column and high tunnel followed by the same letter do not differ significantly at P≤ .05 according to Fisher's 
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Table 2. Cull fruit and fruit in various cull categories as a percent of red fruit 
number for seven tomato varieties grown in high tunnels, Wanatah, Indiana, 2017.
All Cull Categories1 Variety Culls AbCol BER Catface Crack Zip Insect Other
% of red fruit number
High Tunnel 1
BHN 589 9.0 b2 0.0 0.7 1.2 1.1 2.5 2.2 1.8 
Big Beef 17.3 b 0.0 1.5 0.8 4.0 1.3 8.5 2.7 
Cherokee Purple 34.2 b 0.0 0.2 14.6 9.8 3.1 10.2 2.6 
Red Deuce 14.9 b 0.0 0.3 2.1 0.9 2.5 8.4 1.2 
Summerpick 11.1 a 0.4 0.0 1.2 0.6 2.6 4.1 2.6 
XTM 1134 12.4 b 0.0 0.0 0.3 0.6 5.0 6.1 0.6 
High Tunnel 2
BHN 589 17.3 0.0 0.5 0.8 2.6 2.9 10.8 0.5 
Big Beef 18.5 0.0 0.3 0.8 3.0 1.7 12.5 1.0 
Grand Marshall 19.5 1.0 0.7 0.6 1.0 2.4 13.7 0.5 
Red Deuce 20.3 0.0 0.4 0.2 2.3 1.5 14.2 1.6 
Summerpick 19.1 0.0 0.0 0.9 3.4 3.1 11.0 1.4 
XTM 1134 23.0 0.3 0.3 0.8 0.9 4.7 14.1 1.9 
1Cull: AbCol=Abnormal Color; BER=Blossom end rot; Catface; Cracking; Zip=Zipper; 
Insect feeding; Other. Based on USDA grading standards: https://www.ams.usda.gov/grades-
standards/tomato-grades-and-standards
2Means within a column and high tunnel followed by the same letter do not differ
significantly at P≤ .05 according to Fisher's protected LSD. Mean separation was not 




    
  
     
 
     
    
   
                
                 
                 
                 
                
                 
   
               
               
               
               
              
               
 
Table 3. Percent of red fruit yield in various size and grade categories, and percent of all fruit 
harvested that was green, for seven varieties grown in high tunnels, Wanatah, Indiana, 2017. 1 
Variety








Culls GreenMaxLg ExLg Large M-S 
High Tunnel 1
BHN 589 25.8 bc3 36.7 ab 8.5 ab 1.9
Big Beef 19.8 c 34.3 ab 9.8 a 1.1
Cherokee Purple 6.9 d 18.7 c 4.3 bc 0.8
Red Deuce 38.9 a 27.0 bc 2.5 c 0.4
Summerpick 17.9 c 37.6 a 11.7 a 5.5
XTM 1134 29.4 b 41.3 a 7.2 abc 0.8
High Tunnel 2
































20.7 b 34.1 6.1 abc 0.6
17.5 b 35.7 3.6 c 0.5
16.2 b 34.8 6.6 ab 0.4
35.6 a 26.3 3.4 c 0.4
14.5 b 35.0 8.8 a 0.5































1USDA Grading Standards: https://www.ams.usda.gov/grades-standards/tomato-grades-and-
standards 
2Sizes based on diameter: MaxLg >3.5 in.; ExLg=2 24/32–3 1/2 in.; Large=2 16/32–2 25/32 in.; 
M-S=2 4/32–2 17/32 in.
3Means within a column and high tunnel followed by the same letter do not differ significantly 
at P≤ .05 according to Fisher's protected LSD. No letters indicate the variety effect was not 
significant at P≤ .05. 
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Figure 1. Pounds of red fruit per plant (marketable and cull) by harvest week for tomato varieties grown in high tunnels, Wanatah, 
Indiana, 2017. Weekly harvests began July 18 and ended August 28. 
Harvest week: 
A : High Tunnel 1 B : High Tunnel 2 
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